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sketched schematically the implications of the above discussion for ionospheric convection. More recently, Siscoe and Huang [ 1985] The ionospheric flow pattern which Siscoe and Huang derived on the basis of these assumptions is sketched in Figure  la . In this figure, the thin solid lines indicate plasma streamlines (equipotentials), the dashed lines are merging gaps and the thick solid lines denote the remaining portions of the polar cap boundary which Siscoe and Huang termed "adiaroic" (meaning "not flowing across"). The adiaroic boundaries move with the local plasma flow velocity, as denoted by the large solid arrows. It can be seen that even with completely unbalanced dayside reconnection, a large-scale, twin-vortical convection pattern is driven in the ionosphere, but with high-speed flows generally confined to the dayside. The "region 1" fieldaligned currents which are associated with this flow pattern, and which flow at the polar cap boundary, also maximize on the dayside (at the ends of the merging gap) and fall continuously to zero at midnight. The role of field-aligned currents in transmitting stress between the magnetosphere and ionosphere has been discussed, for example, by Southwood and Hughes [1983] and Southwood [1987 Southwood [ , 1989 . We also note that in subsequent work Moses et al. [1987] The schematics shown in Figure 1 show only the flows driven in the ionosphere by reconnection at the low-latitude dayside magnetopause and in the tail. Two other sources of ionospheric flow are believed to contribute, namely "viscouslike" interactions at the low-latitude magnetopause which transfer momentum from the magnetosheath to closed magnetospheric flux tubes, and reconnection at the high-latitude tail lobe magnetopause which may occur predominantly during periods of northward IMF. These processes generate additional "viscous" and "lobe" cells of ionospheric flow, respectively [Reiffand Burch, 1985 ], as will now be briefly discussed. The second source of flow excluded from Figure 1 arises when the IMF is strongly northward and is believed to be caused by reconnection at the high-latitude magnetopause of one or both tail lobes [Dungey, 1963; Russell, 1972; Reiff, 1982] . This process generates sunward flow at high latitudes [Burke et al., 1979; Heelis, 1984 . The data to be presented below do not bear upon these two further sources of ionospheric flow, and they will not be further discussed in this paper. They have been introduced here simply to point out that actual geophysical conditions may often be more complex than can be wholly accommodated within the main discussion given in this paper (and, e.g., by Siscoe and Huang [1985] ), but that such effects can in principle be incorporated within the general framework, at the expense of further elaboration.
Rather, the purpose of the present paper is to point out that recently published observations of ionospheric flows, obtained in the dayside auroral oval by the EISCAT "Polar" experiment, are very well explained by the two-source flow excitation model illustrated by Figure 1 . In particular, these concepts provide an appropriate framework for understanding the obnightside "current wedge" (and hence with tail reconnection). Studies have shown that these two current systems respond to changes in the north-south component of the IMF with markedly different response times. Nishida [1968a,b] examined the behavior of the DP-2 current system and found that the current enhancements occurred 7 q-1 min after southward turnings of the IMF had impinged upon the subsolar bow shock. Since the IMF disturbance would have taken at least 5 min to propagate from the bow shock to the magnetopause, the implied ionospheric response time is very short indeed, no greater than about 2 min. Similarly short response times have also been reported in subsequent case studies [Pellinen et al., 1982 Siscoe and Huang [1985] . In the following section, we briefly review the evidence concerning the time scales for excitation and decay of auroral convection (and the associated current systems). In section 3, we present additional evidence for the short decay constant of the dayside flow system, but unlike the observations reviewed in section 2, these European Incoherent Scatter Facility (EISCAT) data are for open field lines within the polar cap. In section 4 we discuss these observatons and their implications for how the solar wind couples to the magnetosphere-ionosphere system, and in section 5 we make some predictions which should be tested to confirm the proposed view of the excitation of ionospheric Figure lb) . In section 5 we will also return to this subject and make predictions concerning the time dependence of the observed cross-cap potential for different locations in the polar cap. One of these two flow patterns is "directly" driven by coupling between the solar wind and the magnetosphere taking place at the dayside magnetopause. From the response of the flows to changes in the IMF, we infer that this coupling is largely due to magnetic reconnection, although other mechanisms may contribute. These flows dominate in the dayside high-latitude ionosphere and will generally be associated with an expanding polar cap area. The second flow pattern is associated with flux return from the geomagnetic tail, principally (but not necessarily exclusively) due to magnetic reconnection during substorms. These flows dominate in the nightside ionosphere and will generally be associated with a contracting polar cap area. Broadly speaking, the first of these two patterns is the flow equivalent of the DP-2 current system and dominates during the growth phase of substorms. The second is associated with the DP-1 current system (the electrojet-associated "current wedge") and dominates during the substorm expansion phase. Because this second system is largely driven by the explosive release of energy and magnetic stress stored in the geomagnetic tail, it will be largely decoupled from the directly-driven flows which dominate the dayside high-latitude ionosphere. Hence the singular case of equal dayside and nightside reconnection rates (i.e., steady state convection) will rarely, if ever, be achieved, so that only rarely can the ionospheric electric field be regarded as a direct map of that in the magnetosheath.
EISCAT OBSERVATIONS OF FLOWS
A necessary corollary of this paradigm of ionospheric convection is that the field-aligned current systems associated with high-latitude convection will also consist of two, essentially decoupled, components, one dominant on the dayside, the other on the nightside. Recent analysis of data from ground-ba • The present state of knowledge, however, is sufficient to show that a sequence of flow patterns ordered by the strength and orientation of the IMF, is an inherently inadequate description of high-latitude convection. Rather, the flow should be viewed as the superposition of two inherently time-dependent patterns, one of which dominates the dayside high-latitude ionosphere and responds to the IMF on time scales of about 10 min while the other is dominant in the nightside high-latitude ionosphere, is less directly related to the IMF and has response lags of about an hour. (Note, however, that the "nightside" pattern still has some influence on dayside flows and viceversa). The former pattern is associated with expansion of the polar cap, and the latter with its contraction. In the general case, both flow systems will be present, and the variation of the polar cap area with time will be determined by the difference between the voltages across the dayside and nightside merging gaps in their respective rest frames, in accordance with Faraday's Law. The voltages along the merging gaps (in the Earth's frame) also determine the relative strengths of the dayside and nightside flow patterns. With this view of convection, it is clear that no unique flow pattern can be associated with any given IMF vector, since even if the dayside flow pattern can be taken to adjust rapidly to the prevailing IMF conditions, the overall flow will still depend on the history of the IMF for two reasons. First, the nightside flows have a much longer response time to IMF changes, and second, the flow locations will depend upon the absolute size (and shape) of the polar cap. The first of these two effects may account for at least some of the scatter in the cross-cap voltage measurements obtained for a given IMF B Z (see the reviews by Cowley [ 1982 Cowley [ , 1984 Cowley [ , 1986 , and Reiff and Luhmann [1986] ). In the study by Wygant et al. [1983] , the residual cross-cap voltage showed considerable scatter at a given time following a northward turning of the IMF. This scatter is readily explained by the variety of satellite orbits included in their study (covering roughly 20 ø about the center of the polar cap in the X direction); the decay time will be longer for passes across the nightside polar cap, where the nightside system may be maintained by release of energy stored in the geomagnetic tail.
PREDICTIONS
In the previous sections we have shown how the proposed concept of high-latitude convection readily accounts for the observed properties of high-latitude flows and current systems and their response to changes in interplanetary conditions. However, a number of predictions are also suggested by this picture, as enumerated below:
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